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CROSS REFERENCE TO RELATED APPLICATION 

5 This application is a continuation of and claims priority from U. S. patent application 

Serial No. 09/574,306, filed May 19, 2000, entitled, "High Speed Input Buffer Circuit for 
Low Voltage Interface" which claims priority from Korean Patent Application No. 1999- 
18095, filed May 19, 1999 and Korean Patent Application No. 2000-7522 filed February 17, 
Q 2000. 

:|t) BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor memory device, and more 
f particularly, to an input buffer circuit. 

b 

31 5 2. Description of the Related Art 

p Digital systems often use both transistor-transistor logic (TTL) semiconductor devices 

and complementary metal oxide semiconductor (CMOS) devices. Accordingly, such systems 
require interface circuits between the TTL semiconductor devices and CMOS devices. For 
example, input buffers (generally referred to as TTL-to-CMOS input buffers or TTL 
20 compatible input buffers) are often in CMOS devices for converting TTL input levels into 
CMOS levels. 

As TTL semiconductor devices and CMOS devices operate at a low supply voltage of 
about 3.3 volts, input buffers in CMOS semiconductor devices convert low voltage transistor- 
transistor logic (LVTTL) input levels into CMOS levels. In an operation using a low supply 
25 voltage of 3.3 volts, an input low voltage (VIL) of 0 volts and an input high voltage (VIH) of 
2.8 volts are for typical LVTTL input levels. In the worst case for the LVTTL input levels, 
the maximum VIL is about 0.8 volts, and the minimum VIH is about 2.0 volts. In general, 
the input buffers of the CMOS devices need to convert not only the LVTTL levels but also 
small swing transistor logic (SSTL) level into CMOS levels. 
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Recent developments of portable information equipment such as portable telephones, 
in which low voltage and power consumption are very important, demand input buffers that 
can support low voltage interfaces, in which the VIL is 0 volts and the VIH is 1 .8 volts, and 
general LVTTL interfaces, in which the VIL is 0 volts and the VIH is 2.8 volts. The 
5 conventional N differential amplification type input buffer shown in FIG. 1 and the 
conventional P differential amplification type input buffer shown in FIG. 2 do not 
simultaneously support the low voltage interface of 1 .8 volts and the LVTTL interface of 2.8 
volts. Therefore, to simultaneously support the low voltage interface and the LVTTL and 
SSTL interfaces, self-biased differential amplification type input buffers were introduced. A 

1 0 representative self-biased differential amplification type input buffer is described by M. 

Bazes [Two Novel Fully Complementary Self-Biased CMOS Differential Amplifiers, IEEE 
Journal of Solid-State Circuits, Vol. 26, pp. 165-169, February 1991]. Also, the improved 

2 self-biased differential amplification type input buffer as shovm in FIG. 3 is described by 

Yasuhiro Takai and Mamoru Fujita [A 250 Mbps/pin, 1Gb Double Data Rate SDRAM with a 

|b5 Bidirectional Delay and an Inter-bank shared Redundancy Scheme, ISSCC Digest of 
Technical Papers, February 1999]. 

^ In the self-biased differential amplification type input buffer shown in FIG. 3, 

^ transconductance gain gm decreases slightly when a reference voltage VREF decreases. 

O Accordingly, low voltage interface characteristics deteriorate, and the operating speed of the 

■ p 

J50 input buffer decreases. 

SUMMARY OF THE INVENTION 

To solve the above problem, an embodiment of the present invention provides an 
input buffer circuit that supports both a low voltage interface and a low voltage transistor- 
transistor logic (LVTTL) interface and operates at high speed. 

25 One particular embodiment of the invention is an input buffer circuit including a 

differential amplification circuit, a current controlling circuit, and a swing width control 
circuit. The differential amplification circuit generates an intemal self bias signal and an 
output signal, based on a voltage difference between a reference voltage and an input signal. 
The current controlling circuit responds to the intemal self bias signal, supplies current to the 

30 differential amplification circuit, and sinks current from the differential amplification circuit 
to maintain the intemal self bias signal at substantially uniform level. The swing width 
control circuit responds to an inverted signal generated from the output signal and limits the 
voltage swing of the output signal. 
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The swing width control circuit preferably includes an NMOS transistor and a PMOS 
transistor. The NMOS transistor is between an output node of the differential amplification 
circuit, from which the output signal is output, and a first node of the current control circuit. 
The NMOS transistor responds to the inverted signal. The PMOS transistor is between the 
5 output node of the differential amplification circuit and a second node of the current control 
circuit. The PMOS transistor also responds to the inverted signal. 

The current control circuit preferably comprises a current source and/or a current sink. 
The current source is between a supply voltage terminal and the differential amplification 
circuit and supplies current to the differential amplification circuit in response to the internal 

10 self bias signal. The current sink is between the differential amplification circuit and a 
groimd voltage terminal and sinks current from the differential amplification circuit in 

.^^ response to the intemal self bias signal. Preferably, the current source is a PMOS transistor, 

\Q and the current sink is an NMOS transistor. 

According to an exemplary embodiment, the differential amplification circuit includes 
a self biased differential amplifier including first through fourth PMOS transistors and first 
r: through fourth NMOS transistors. The first PMOS transistor is between the first node of the 
s current control circuit and an intemal node from which the intemal self bias signal is output 
Q and is gated by the reference voltage. The second PMOS transistor is between the first node 
and the intemal node and is gated by the intemal self bias signal. The third PMOS transistor 
©0 is between the first node and an output node from which the output signal is output and is 
gated by the intemal self bias signal. The fourth PMOS transistor is between the first node 
and the output node and is gated by the input signal. The first NMOS transistor is between 
the second node of the cuirent control circuit and the intemal node and is gated by the 
reference voltage. The second NMOS transistor is between the second node and the intemal 
25 node and is gated by the intemal self bias signal. The third NMOS transistor is between the 
second node and the output node and is gated by the intemal self bias signal. The fourth 
NMOS transistor is between the second node and the output node and is gated by the input 
signal. 

According to another embodiment, the differential amplification circuit includes a self 
30 biased latch type differential amplifier, which includes a positive feedback loop in the form 
of a latch. More particularly, the self biased latch type differential amplifier include first 
through fifth PMOS transistors and first through fifth NMOS transistors. The first PMOS 
transistor is between the first node of the current control circuit and an intemal node from 
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which the internal self bias signal is output and is gated by the reference voltage. The second 
PMOS transistor is between the first node and the internal node and is gated by the output 
signal. The third PMOS transistor is gated by the internal self bias signal and is between the 
first node and an output node from which the output signal is output. The fourth PMOS 
5 transistor is between the first node and the output node and is gated by the input signal. The 
fifth PMOS transistor has a source connected to the first node and a gate and a drain 
commonly connected to the internal node. The first NMOS transistor is between the second 
node of the current control circuit and the intemal node and is gated by the reference voltage. 
The second NMOS transistor is between the second node and the intemal node and is gated 

10 by the output signal. The third NMOS transistor is between the second node and the output 
node and is gated by the intemal self bias signal. The fourth NMOS transistor is between the 
second node and the output node and is gated by the input signal. The fifth NMOS transistor 

% has a gate and a drain commonly connected to the intemal node and a source connected to the 
second node. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The above aspects and advantages of the present invention will become more apparent 
s by describing in detail exemplary embodiments thereof with reference to the attached 
drawings in which: 

^j; FIG. 1 is a circuit diagram of a conventional N differential amplification type input 

GO buffer; 

FIG. 2 is a circuit diagram of a conventional P differential amplification type input 

buffer; 

FIG. 3 is a circuit diagram of a conventional self-biased differential amplification type 
input buffer; 

25 FIG. 4 is a circuit diagram of an input buffer circuit according to a first embodiment 

of the present invention; 

FIG. 5 is a circuit diagram of an input buffer circuit according to a second 
embodiment of the present invention; 

FIG. 6 is a circuit diagram of an input buffer circuit according to a third embodiment 
30 of the present invention; 

FIG. 7A is a graph showing the results of a simulation of the dependence of an 
average propagation delay time tPD on changes in a reference voltage VREF when a grovmd 
voltage VSS is 0 volts; 
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FIG. 7B is a graph showing the results of a simulation of the dependence of the 
average propagation delay time tPD on changes in the reference voltage VREF when the 
ground voltage VSS is 0.3 volts; 

FIG. 8A is a graph showing the results of a simulation of the dependence of skew on 
5 changes in the reference voltage VREF when the groimd voltage VSS is 0 volts; 

FIG. 8B is a graph showing the results of a simulation of the dependence of skew on 
changes in the reference voltage VREF when the groimd voltage VSS is 0.3 volts; and 

FIG. 9 is a graph showing the results of a simulation of the dependence of average 
current lavg on changes in the reference voltage VREF. 

1 0 DETAILED DESCRIPTION 

The present invention is described more fully below with reference to the 
O accompanying drawings, in which exemplary embodiments of the invention are shovm. The 
same reference numerals in different drawings represent the same or similar elements. 

11 FIG. 4 shows an input buffer circuit according to a first embodiment of the present 
invention- The input buffer circuit includes a differential amplification circuit 41, a current 

^ control circuit 43, and a swing vsddth control circuit 45. The input buffer circuit, in which a 
rail-to-rail common mode input voltage is improved, has a self bias scheme. 

£5 The differential amplification circuit 41, which is a self-biased differential 

j: amplification circuit, is connected between a first node Nl and a second node N2. The 

?5o differential amplification circuit 41 provides an intemal self-biased signal at an intemal node 

Ol and provides an output signal to an output node 02, based on a voltage difference 

between a reference voltage VREF and an input signal IN. 

The differential amplification circuit 41 has a form in which a P-type differential 
amplifier and an N-type differential amplifier are mixed. The differential amplification 

25 circuit 41 includes first through fourth PMOS transistors P41, P42, P43, and P44 and first 

through fourth NMOS transistors N41, N42, N43, and N44. The first PMOS transistor P41 is 
between the first node Nl and the intemal node Ol and is gated by the reference voltage 
VREF. The second PMOS transistor P42 is connected in parallel with the first PMOS 
transistor P41 between the first node Nl and the intemal node Ol and is gated by a signal 

30 from the intemal node Ol, that is, the self bias signal. The third PMOS transistor P43 is 
between the first node Nl and the output node 02 and is gated by the self-bias signal fi-om 
the intemal node Ol . The fourth PMOS transistor P44 is connected in parallel with the third 
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PMOS transistor P43 between the first node Nl and the output node 02 and is gated by the 
input signal IN. 

The first NMOS transistor N41 is between the second node N2 and the internal node 
Ol and is gated by the reference vohage VREF. The second NMOS transistor N42 is 
connected in parallel with the first NMOS transistor N41 between the second node N2 and 
the internal node Ol and is gated by the self bias signal. The third NMOS transistor N43 is 
between the second node N2 and the output node 02 and is gated by the self bias signal. The 
fourth NMOS transistor N44 is connected in parallel with the third NMOS transistor N43 
between the second node N2 and the output node 02 and is gated by the input signal IN, 

The current control circuit 43 supplies current to the differential amplification circuit 
41 and sinks current from the differential amplification circuit 41 in response to the self bias 
signal and thereby maintains the self bias signal from the internal node Ol at a substantially 
uniform voltage level. The current control circuit 43 includes a current source, which is a 
PMOS transistor P46, and a current sink, which is an NMOS transistor N46. The PMOS 
transistor P46, which is between a supply voltage terminal VDD and the first node Nl, 
responds to the self bias signal applied to the gate thereof and supplies current to the 
differential amplification circuit 41 . The NMOS transistor N46, which is between the second 
node N2 and a ground voltage terminal VSS, responds to the self bias signal applied to the 
gate thereof and sinks current from the differential amplification circuit 41. 

As mentioned above, in the input buffer circuit according to the embodiment of FIG. 
4, the self bias signal from the internal node Ol is for tracking a common mode input voltage 
from the differential amplification circuit 41 and for controlling the current through the 
current source P46 and the current sink N46. Accordingly, the voltage level of the self bias 
signal from the internal node Ol remains substantially uniform. Therefore, in the input 
buffer circuit according to the embodiment of FIG. 4, the entire transconductance gain gm of 
the differential amplification circuit 41 remains substantially uniform regardless of changes 
in the reference voltage VREF, since the voltage level of the self bias signal remains 
substantially uniform. As a result, a low voltage interface characteristic is improved. 

The sv^ng width control circuit 45 limits the voltage swing of the output signal of the 
differential amplification circuit 41. An output signal OUT, which inverter 14 generates from 
the signal output from the output node 02 of the differential amplification circuit 41 , controls 
the swing width control circuit 45. 
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The swing width control circuit 45 includes an NMOS transistor N45 and a PMOS 
transistor P45. The NMOS transistor N45 is between the first node Nl and the output node 
02 and responds to the output signal OUT of the inverter 14. The PMOS transistor P45 is 
between the output node 02 and the second node N2 and also responds to the output signal 
5 OUT of the inverter 14. Alternatively, the NMOS transistor N45 can be directly connected 
between the supply voltage terminal VDD and the output node 02, and the PMOS transistor 
P45 can be directly connected between the output node 02 and the ground voltage terminal 
VSS. When the voltage on the node 02 is low, the output signal OUT is high, and the 
NMOS transistor N45 pulls up the voltage on the node 02 to prevent the voltage of the 
10 output node 02 from decreasing excessively. Similarly, the PMOS transistor P45 prevents 
the voltage level of the output node 02 from excessively increasing. Namely, the NMOS 
transistor N45 and the PMOS transistor P45 prevent the voltage swing of the signal from the 
y output node 02 from becoming excessively large. Therefore, in the input buffer circuit 
C according to the embodiment of FIG. 4, since the swing width control circuit 45 prevents the 
^ excessively large sv^ings in the signal from the output node 02 , skew is reduced, and the 
operating speed of the input buffer can be increased. 

FIG. 5 is a circuit diagram of an input buffer circuit according to a second 
embodiment of the present invention. The input buffer circuit of FIG. 5 differs from the input 
buffer circuit of FIG. 4 in that connections of a differential amplification circuit 41 A in FIG. 
jo 5 differ from the connections of the differential amplification circuit 41 in FIG. 4. 

In the differential amplification circuit 41 A, the PMOS transistors P42A and P43A, 
which are gated by the self bias signal from the internal node Ol , have sources directly 
connected to the supply voltage terminal VDD. Also, the NMOS transistors N42A and 
N43A, which are gated by the self bias signal, have sources directly connected to the ground 
25 voltage terminal VSS. Accordingly, more current flows through the PMOS transistors P42A 
and P43A and the NMOS transistors N42A and N43 A, to thus increase the operating speed of 
the input buffer of FIG. 5. 

FIG. 6 is a circuit diagram of an input buffer circuit according to a third embodiment 
of the present invention. The input buffer circuit of FIG. 6 differs from the input buffer 
30 circuit of FIG. 4 in that the structure of a differential amplification circuit 41B of FIG. 6 
differs from the structure of the differential amplification circuit 41 of FIG. 4. The 
differential amplification circuit 41B is a self-biased latch-type differential amplification 
circuit and includes a positive feedback loop in the form of a latch. The differential 
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amplification circuit 41B is connected between the first node Nl and the second node N2. 
The differential amplification circuit 41 B provides the self bias signal at the intemal node Ol 
and provides the output signal at the output node 02, based on the voltage difference between 
the reference voltage VREF and the input signal IN. 

5 The differential amplification circuit 4 IB mixes aspects of a P latch type differential 

amplifier and an N latch type differential amplifier. The differential amplification circuit 41 B 
includes first through fourth PMOS transistors P41, P42B, P43B, and P44 and first through 
fourth NMOS transistors N41 , N42B, N43B, and N44. The first and fourth PMOS transistors 
P41 and P44 and the first and fourth NMOS transistors N41 and N44 have the same 
10 respective connections as those of the first and fourth PMOS transistors P41 and P44 and the 
first and fourth NMOS transistors N41 and N44 in FIG. 4. The second PMOS transistor 
P42B is between the first node Nl and the intemal node Ol and is gated by the signal output 
from the output node 02. The third PMOS transistor P43B is between the first node Nl and 
the output node 02 and is gated by the self bias signal output from the intemal node Ol. The 
second NMOS transistor N42B is between the second node N2 and the intemal node Ol and 
vS is gated by the signal output fi-om the output node 02. The third NMOS transistor N43B is 

between the second node N2 and the output node 02 and is gated by the self bias signal. 
:J Accordingly, in the differential amplification circuit 4 IB, the second and third PMOS 
p transistors P42B and P43B and the second and third NMOS transistors N42B and N43B form 
[0 the positive feedback loop in the form of the latch. 

The differential amplification circuit 41 B further includes a fifth PMOS transistor P47 
connected to form a diode, and a fifth NMOS transistor N47 connected to form a diode. The 
diode-connected transistors P47 and N47 reduce loop gain, since otherwise a bias point may 
be latched by the positive feedback loop gain. The fifth PMOS transistor P47 has a source 
25 connected to the first node Nl and a gate and a drain commonly connected to the intemal 

node Ol. The fifth NMOS transistor N47 has a gate and a drain commonly connected to the 
intemal node Ol and a source connected to the second node N2. The fifth PMOS transistor 
P47 turns on and supplies current to the intemal node Ol when the voltage of the intemal 
node Ol is less than or equal to a predetermined voltage and thereby prevents the voltage of 
30 the intemal node Ol from excessively decreasing. More specifically, when a voltage Vgs 
between the gate and the source of the fifth PMOS transistor P47 becomes higher than the 
threshold voltage Vtp of the fifth PMOS transistor P47, the fifth PMOS transistor P47 turns 
on and supplies current to the intemal node Ol . Similarly, the fifth NMOS transistor N47 
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turns on and sinks current from the internal node Ol when the vohage of the internal node 01 
is greater than or equal to the predetermined voltage and thereby prevents the voltage of the 
internal node Ol from excessively increasing. More specifically, when the gate-to-source 
voltage Vgs of the fifth NMOS transistor N47 is higher than the threshold voltage Vtn of the 
5 fifth NMOS transistor N47, the fifth NMOS transistor N47 txoms on and sinks the current of 
the intemal node OL Therefore, the fifth PMOS transistor P47 and the fifth NMOS transistor 
N47 perform self-biasing and stably control loop gain. 

Hereinafter, the operation of the input buffer circuit of FIG. 6 is described in more 
detail. When the reference voltage VREF is greater than or equal to a predetermined voltage, 
10 the P latch type differential amplifier and the N latch type differential amplifier of the 

differential amplification circuit 41 B operate. Accordingly, the entire transconductance gain 
^ gm of the differential amplification circuit 41 B becomes 2gm0, where gmO is the 

transconductance gain of the P or N latch type differential amplifier alone. When the 
^L^ reference voltage VREF is low, that is, lower than about 0.9 volts, only the P latch type 
^rS differential amplifier of the differential amplification circuit 4 IB operates. Accordingly, the 
^ entire transconductance gain gm of the differential amplification circuit 41B is the sum of the 
I gain of a P type source-coupled pair and the gain of a positive feedback NMOS loop. When 
^ the gain of the positive feedback NMOS loop is activated, the entire transconductance gain 
Q gm of the differential amplification circuit 41 B can be 2gm0. Therefore, in the differential 
fio amplification circuit 4 IB, the entire transconductance gain gm can be maintained to be 
IN^ substantially unift)rm regardless of the change in the reference voltage VREF. 

The self bias signal from the intemal node Ol is used not only for the differential 
amplification circuit 4 IB but also for controlling the current of the current source P46 and the 
current sink N46, as in the first embodiment shovm in FIG. 4. Accordingly, the voltage level 
25 of the self bias signal from the intemal node Ol remains substantially uniform. 

Therefore, in the input buffer circuit of FIG. 6, since the voltage level of the self bias 
signal remains substantially uniform, the entire transconductance gain gm of the differential 
amplification circuit 4 IB is substantially uniform regardless of changes in the reference 
voltage VREF. As a result, the low voltage interface characteristic is improved. 

30 The input buffer circuit of FIG. 6 also includes the swing width control circuit 45 that 

prevents the voltage swing of the signal output from the output node 02, from becoming 
excessively large. Accordingly, skew is reduced to thus improve the operating speed of the 
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input buffer. More generally, the swing width control circuit 45 of the first through third 
embodiments can be connected to the output node of a general differential amplification 
circuit, instead of the self biased differential amplification circuits illustrated. Even with a 
general differential amplification circuit, the swing width control circuit 45 reduces skew to 
5 increase operating speed of the input buffer. 

FIGs. 7A through 9 are graphs illustrating the results of simulations of the low voltage 
interface performances of the conventional input buffers shown in FIGs. 1 through 3 and the 
low voltage interface performance of the input buffer according to the embodiment of the 
present invention shown in FIG. 4. Under the simulation conditions, the supply voltage VDD 
10 was 2.8 volts, the temperature was 100 and the input signal IN was VREF±0.35 volts. 

Also, to observe immimity to ground noise, simulations were performed with respect to a 
^ ground voltage VSS of 0 volts and 0.3 volts. FIG. 7A shows the result of a simulation of the 
^ dependence of an average propagation delay time tPD on changes in the reference voltage 
C| VREF when the ground voltage VSS is 0 volts. In FIG. 7A, Al denotes the average 
¥i5 propagation delay time of the P differential amplification type input buffer shown in FIG. 2. 
^ A2 denotes the average propagation delay time of the N differential amplification type input 



FIG. 7B shows the result of a simulation of the dependence of the average 
propagation delay time tPD on changes in the reference voltage VREF when the ground 
voltage VSS is 0.3 volts. Here, Bl represents the average propagation delay time of the P 
differential amplification type input buffer shown in FIG. 2. B2 denotes the average 
25 propagation delay time of the N differential amplification type input buffer shown in FIG. 1 . 
B3 denotes the average propagation delay time of the self biased differential amplification 
type input buffer shown in FIG. 3. B4 denotes the average propagation delay time of the 
input buffer according to the embodiment of the present invention shown in FIG. 4. 



30 propagation delay time B2 of the N differential amplification type input buffer rapidly 
increases when the reference voltage VREF is less than about 1.0 volt, and the average 
propagation delay time Bl of the P differential amplification type input buffer rapidly 
increases when the reference voltage VREF is less than about 0.7 volts. Also, the average 




buffer shown in FIG. 1 . A3 denotes the average propagation delay time of the self biased 
differential amplification type input buffer shown in FIG. 3. A4 denotes the average 
propagation delay time of the input buffer according to the embodiment of the present 



invention shown in FIG. 4. 



Referring to FIG. 7B, when the ground voltage VSS is 0.3 volts, the average 
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propagation delay time B3 of the self biased differential amplification type input buffer 
shown in FIG. 3 rapidly increases when the reference voltage VREF is less than about 0.7 
volts. Namely, considering the average propagation delay time, the N differential 
amplification type input buffer shown in FIG. 1 , the P differential amplification type input 
buffer shown in FIG. 2, and the self biased differential amplification type input buffer shown 
in FIG. 3 are vulnerable to ground noise and are not suitable for the low voltage interface. 
The average propagation delay time B4 of the input buffer according to the present invention 
shown in FIG. 4 is substantially uniform regardless of changes in the reference voltage VREF 
when the ground voltage VSS is 0.3 volts. Namely, considering the average propagation 
delay time, the input buffer according to the present invention shown in FIG. 4 is less 
vulnerable to ground noise and is suitable for a low voltage interface. 

Referring to FIGS. 7A and 7B, the average propagation delay times A4 and B4 of the 
input buffer according to the present invention shown in FIG. 4 are similar to the average 
propagation delay times A3 and B3 of the self biased differential amplification type input 
buffer shovm in FIG. 3. 

FIG. 8A shows the result of a simulation of the dependence of skew on changes in the 
reference voltage VREF when the ground voltage VSS is 0 volts. Here, CI denotes the skew 
of the P differential amplification type input buffer shown in FIG. 2. C2 denotes the skew of 
the N differential amplification type input buffer shovm in FIG. 1 . C3 denotes the skew of the 
self biased differential amplification type input buffer shown in FIG. 3. C4 denotes the skew 
of the input buffer according to the embodiment of the present invention shown in FIG. 4. 

FIG. 8A shows the result of a simulation of the dependence of skew on changes in the 
reference voltage VREF when the ground voltage VSS is 0.3 volts. Here, Dl denotes the 
skew of the P differential amplification type input buffer shown in FIG. 2. D2 denotes the 
skew of the N differential amplification type input buffer shovra in FIG. 1 . D3 denotes the 
skew of the self biased differential amplification type input buffer shovra in FIG. 3. D4 
denotes the skew of the input buffer according to the embodiment of the present invention 
shown in FIG. 4. Referring to FIGS. 8A and SB, the skews CI and Dl of the P differential 
amplification type input buffer shovm in FIG. 2 and the skews C2 and D2 of the N 
differential amplification type input buffer shovm in FIG. 1 are much larger than the skews 
C3 and D3 of the self biased differential amplification type input buffer shown in FIG. 3 and 
the skews C4 and D4 of the input buffer according to the embodiment of the present 
invention shown in FIG. 4. Referring to FIG. 8B, when the ground voltage VSS is 0.3 volts, 
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the skew Dl of the P differential amplification type input buffer rapidly increases when the 
reference voltage VREF is less than about 0.9 volts and the skew D2 of the N differential 
amplification type input buffer rapidly increases when the reference voltage VREF is less 
than about 0.8 volts. Also, the skew D3 of the self biased differential amplification input 
5 buffer shown in FIG. 3 rapidly increases when the reference voltage VREF is less than about 
0.9 volts. Namely, considering the skew, the N differential amplification type input buffer 
shovm in FIG. 1, the P differential amplification input buffer shown in FIG. 2, and the self 
biased differential amplification type input buffer shown in FIG. 3 are vulnerable to changes 
in the ground voltage and are not suitable for the low voltage interface. 

10 The skews C4 and D4 of the input buffer according to the present invention shown in 

FIG. 4 are substantially uniform regardless of chemges in the reference voltage VREF. 
^ Namely, considering the skew, the input buffer according to the present invention shown in 
^ FIG. 4 is less vulnerable to changes in the ground voltage and is suitable for the low voltage 
~1 interface. The skews C4 and D4 of the input buffer according to the present invention shovm 
Hs in FIG. 4 are also much smaller than the skews of the conventional input buffers shown in 
2 FIGS. 1 through 3. 

is FIG. 9 shows the result of a simulation of the dependence of average current lavg on 

'f^ changes in the reference voltage VREF. In FIG. 9, El denotes the average current lavg of the 
'M P differential amplification type input buffer shovm in FIG. 2. E2 denotes the average 
AO current of the N differential amplification type input buffer shown in FIG. 1 . E3 denotes the 
average current of the self biased differential amplification type input buffer shown in FIG. 3. 
E4 denotes the average current of the input buffer according to the embodiment of the present 
invention shown in FIG. 4. Referring to FIG. 9, the self biased differential amplification type 
input buffer shovm in FIG. 3 consumes the largest amount of current. 

25 In summary, the input buffer according to the embodiment of the present invention 

shown in FIG. 4 is less vulnerable to changes in the ground voltage and is suitable for the low 
voltage interface, considering the average propagation delay time and the skew. The average 
propagation delay time and the skew of the input buffer shovm in FIG. 4 are less than the 
average propagation delay times and the skews of the conventional input buffers shown in 

30 FIGs. 1 through 3. Namely, the operating speed of the input buffer according to the present 
invention is higher than the operating speed of the conventional input buffers shown in FIGs. 
1 through 3. 
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As mentioned above, the input buffer circuit according to the present invention can 
support both the low voltage interface and the general LVTTL interface and operates at high 
speed. 

The drawings and specification illustrate and disclose typical exemplary embodiments 
of the invention, as examples and not limitations on the invention. Further, the specific terms 
employed herein are used in a generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the following claims. Therefore, 
various changes in form and details may be made in the exemplary embodiments without 
departing fi*om the spirit and scope of the invention as defined by the appended claims. 
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